Pectate lyase (EC 4.2.2.2) is an enzyme involved in the maceration and soft rotting of plant tissue via degradation of cell wall in organisms. Plants as well as bacteria and fungi are capable of producing pectate lyases. Here we report the cloning of a novel full-length cDNA of pectate lyase gene, designated BPL1, from Brassica napus by rapid amplification of cDNA ends. BPL1 cDNA is 1787 bp containing a 1503 bp ORF encoding a 500 amino acid protein precursor. The protein precursor has a potential signal peptide with 22 amino acids. Alignment of sequences shows that there are some extremely conserved amino acids among pectate lyase-like proteins from different plant species, and novel C-terminal domains are found in Arabidopsis and Brassica. Phylogenetic analysis of 50 pectate lyase-like proteins from various species demonstrates the obvious distinction among pectate lyase-like proteins from plants, bacteria and fungi, which are subsequently clustered into three groups. The cloning of BPL1 enables us to explore its diverse roles in higher plants and potential application in crop improvement.
Introduction
Pectate lyase (PL) is an enzyme involved in the maceration and soft rotting of plant tissue. It forms a right-handed helix structure and cleaves the α-1,4glycosidic linkages in pectate (demethylated pectin) by β-elimination and requires Ca 2+ for activity (Barras et al., 1994) , belonging to polysaccharide lyase family 3 (Coutinho & Henrissat, 1999; Akita et al., 2001) . PLs are involved in diverse physiological processes in higher plants. Genes encoding PLs were firstly found to highly express in tomato mature flowers, anthers and pollens (Wing et al., 1989) . The expressions of similar genes were subsequently found in other plants (Taniguchi et al., 1995; Wu et al., 1996; Kulikauskas & McCormick, 1997) .
PL-like genes were confirmed to function at fruit maturation process. For example, a cDNA whose product was homologous to PL was strongly induced to express in green banana fruit by the rapid increase in ethylene production at the onset of ripening (Dominguez-Puigjaner et al., 1997) . Another work revealed that suppression of PL mRNA during ripening resulted in significantly firmer fruits in transgenic strawberry fruits (Jimenez-Bermudez et al., 2002) . PLs may also act in degradation and modification of plant cell walls (Pilatzke-Wunderlich et al., 2001) , resulting in the maceration of fruits (Marin-Rodriguez et al., 2002) .
Previous research also reveals that mutation of the PL-like gene (PMR6) confers Arabidopsis resistance to powdery mildew pathogen. Therefore PMR6 is thought as a plant susceptibility gene (Vogel et al., 2002) . In this communication, we report on the isolation of the full-length cDNA of BPL1 gene from Brassica napus by rapid amplification of cDNA ends (RACE) technique.
Material and methods
Total RNA was isolated from 15-d seedlings of B. napus according to the manufacturer's instructions (TRIzol Reagents, Gibco, USA). RT-PCR reaction was performed according to One-step RT-PCR Kit instruction (TaKaRa, Dalian, China) to confirm whether there was also a gene in Brassica corresponding to Arabidopsis PMR6 with primers BPUP (5'-GGAACACTCCGTTACGGCGTAAT-3') and BPDP (5'-CCATTCACCATCGTCCTTCGAGT-
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W. Kong et al. Fig. 1 . The full-length cDNA and deduced amino acid sequences of BPL1 gene from B. napus. The cleavage site of the predicted endoplasmic reticulum targeting sequence was indicated by arrow. The coding sequence was shown in capital letters and the stop codon (TAG) was marked with the asterisk.
3') designed based on PMR6 sequence (GenBank Acc. No. AF534079).
Analysis of RT-PCR products on gel electrophoresis demonstrated a single 702-bp band, which was subcloned into pGEM T-easy vector (Promega, USA) and then sequenced, and the result showed that it shared 79% identities with the PMR6 counterpart in nucleotide sequences and therefore provided an evidence of a gene in B. napus homologous to Arabidopsis PMR6. Single-strand cDNAs were synthesized from 5 µg of total RNA with an oligo(dT)17 primer and reversely transcribed according to the manufacturer's protocol (PowerScript TM , CLONTECH, USA). Af-ter RNase H treatment, the single-strand cDNA mixtures were used as templates for PCR reaction. Based on the obtained 702-bp band sequence, the gene-specific primers BP31 (5'-TCAGAGGATGCCGAGGTGTC-3') and BP32 (5'-GTATGCGATTGGTGGAAGTG G-3') were synthesized for 3' RACE, while primers BP51 (5'-GTGGACGTT-GTGGATGATGAC-3') and BP52 (5'-ACGTACTGGATG-GTCAGGCAG-3') were synthesized for 5' RACE for the cloning of 3' end and 5' end of BPL1 cDNA, respectively.
SMART TM RACE cDNA Amplification Kit (CLON-TECH, USA) was used to isolate B. napus BPL1 cDNA 3'-end and 5'-end according to the manufacturer's protocol and alignments were then performed by the program Vector NTI Suite 8.0 (InforMax, Bethesda, MD). The aligned sequences included those from Brassica napus (AAQ87025), Arabidopsis thaliana (AAM97687), Oryza sativa (AAK54283), Malus domestica (AAQ84042), Salix gilgiana (BAB59066),Lycopersicon esculentum (S12209) and Vitis vinifera (AAF63756). Identical amino acids were black shaded and similar amino acids were gray shaded. Residues thought to be involved in Ca 2+ -binding or in the active site were boxed with solid or dashed lines respectively. The amino acid to which the glycosyl-phosphatidylinositol anchor was predicted to be attached was marked with the arrow. The last 28 and 27 amino acids of Brassica and Arabidopsis proteins, respectively, were predicted to be cleaved off during the creation of the glycosyl-phosphatidylinositol anchor.
(SMART TM RACE cDNA Amplification Kit, User Manual, CLONTECH). The 3'-RACE-ready cDNA and 5'-RACEready cDNA were used as templates for 3'-RACE and 5'-RACE respectively. BPL1 cDNA 3'-end was amplified using 3'-gene-specific primers and the universal primers provided by the kit. For the first PCR amplification of 3'-RACE, BP31 and UPM (Universal Primer A Mix) were used as the first PCR primers (3'-RACE), and 3'-RACEready cDNA was used as template. For the nested PCR amplification of 3'-RACE, BP32 and NUP (Nested Universal Primer A) were used as the nested PCR primers (3'-RACE), and the products of the first PCR amplification were used as templates. Similarly, BPL1 cDNA 5'-end was amplified using 5'-gene-specific primers and the universal primers provided by the kit according to the manufacturer's protocols and programs. For the first and nested PCR amplification of BPL1 cDNA 3' and 5'-end, Advantage TM PCR Kit (CLONTECH, USA) was used. The first and nested PCR procedures were performed under the same conditions described in the protocol (SMART TM RACE cDNA Amplification Kit, User Manual, CLONTECH): 25 cycles (30 sec at 94 • C, 30 sec at 68 • C, 3 min at 72 • C). By 3'-RACE and 5'-RACE, the 660 bp and 780 bp nested PCR products were respectively amplified. The products were sub- cloned into pGEM T-easy vectors followed by sequencing and confirmed to be a 663 bp 3'-end fragment and a 783 bp 5'-end fragment. Contig Express was performed to assemble the sequences of 3' RACE, 5' RACE and the RT-PCR fragment with Vector NTI Suite 8.0, and the full-length cDNA sequence of BPL1 was subsequently deduced and amplified by RT-PCR using a pair of primers BPL1UP (5'-GGAAGACCCCATTAACCACTGTCT-3') and BPL1DP (5'-CAAGCCAACAACCAATCAATTGAAG-3') and 5'-R ACE-ready cDNA products as templates. The amplified band was then subcloned into pGEM T-Easy vector and confirmed by sequencing.
The sequences described in this communication have been deposited with the GenBank under the Accession No. AY377855 and AAQ87025. The ORF of BPL1 was predicted by ORF Finder on the NCBI web-page (http://www.ncbi.nlm.nih.gov/gorf/gorf.html).
Results and discussion
The BPL1 full-length cDNA was 1787 bp long and contained a 1503-bp ORF. The ORF encodes a protein of 500 amino acids (Fig. 1) with theoretical pI of 6.77 and calculated molecular weight of 53.2 kDa (http://cn.expasy.org/tools protparam.html). Tar-getP (Emanuelsson et al., 2000) online analysis (http://www.cbs.dtu.dk/services/TargetP/) showed that there was a 22-amino acid signal peptide located in the BPL1 N-terminal end (Fig. 1) . As Arabidopsis PMR6 possesses an endoplasmic reticulum targeting sequence in its N-terminal (Vogel et al., 2002) , it is speculated that the 22-amino acid signal peptide in BPL1 may also be an endoplasmic reticulum targeting sequence.
Alignment analysis of PLs from different plant species revealed that BPL1 is homologous to six other plant PLs including PMR6 (Fig. 2) . Interestingly, BPL1 lacks a sequential 12-serine domain positioned close to the N-terminal end of PMR6. Additionally, there are some conserved amino acid residues commonly distributed in these PLs involved in Ca 2+ -binding or in their active site (Fig. 2) .
For construction of the phylogenetic tree, we downloaded from the Entrez NCBI databases the amino acid sequences of PLs from plants, fungi and bacteria. Phylogenetic tree analysis of PLs originated from various organisms including B. napus BPL1 demonstrates that different members of the PLs family can be divided into obvious three groups, such as plants, bacteria and fungi (Fig. 3) .
PLs relate to various physiological processes in higher plants. The cloning of BPL1 from B. napus enables us to explore its diverse physiological roles in plants and potential application in crop improvement.
